The physiological, morphological and serological properties of 47 species of I 3 genera, excluding Saccharomyces, were subjected to numerical analysis. Fifteen groups were distinguished within the genera Brettanomyces, Debaryomyces, Hanseniaspora, Hansenula, Kloeckera, Nadsonia, Pachysolen, Pichia, Saccharomycodes, Schizosuccharomyces and Schwanniomyces and species of Candida and Torulopsis which were not the imperfect forms of Saccharomyces species. There was no simple correlation between taxonomic groupings and serological properties, but by a combination of tests -anaerobic growth, morphology, serology and growth on lysine and nitrate as sole source of nitrogen -the various groups were easily distinguished.
INTRODUCTION
Numerical taxonomy of the genus Saccharomyces by Kockova-Kratochvilovi and colleagues (Kockovi-Kratochvilovii, Pokorna & Sandula, I 966 ; Kockovh-Kratochvilovi, VojtkovB-LepSikovB, Sandula & PokornB, I 968) has shown that many separate species according to Lodder & Kreger-van Rij (1952) show a high degree of similarity. Campbell (I 970) subsequently demonstrated good agreement between groups of species arranged by numerical taxonomy and a simple serological classification of Saccharomyces species according to agglutination reactions with four specific antisera A, B, C and D. Thus serological group C included Saccharomyces bayanus, S. heterogenicus, S. uvarum and S. cerevisiae var. ellipsoideus, but these species showed such an extensive overlap of properties as to be virtually indistinguishable by numerical taxonomy. This taxonomic similarity was reflected in the identical serological properties and justified the use of agglutination reactions for rapid identification of species of Saccharomyces.
Immunofluorescence tests (Richards & Cowland, I 967 ; Campbell, I 968) have been used by many brewery laboratories for rapid detection and identification of yeasts of the genus Saccharomyces as contaminants of brewer's yeast, Saccharomyces cerevisiae. The advantages of serological identification of yeasts of other genera are less apparent, as selective media, e.g. lysine agar (Morris & Eddy, 1957) , allow growth of many non-Saccharomyces species but suppress growth of S. cerevisiae. However, lysine agar will not support growth of all wild yeasts, and the method is slow, requiring 2 to 3 days incubation. Immunofluorescence has the important advantage of speed. Campbell (1971) showed that species selected from 12 genera other than Saccharomyces could be distinguished by a set of six adsorbed sera, four of which were the existing Saccharomyces sera. Unfortunately, many genera and species, obviously unrelated, shared antigenic properties ; this was particularly noted with serum D which agglutinated all species tested of Brettanomyces and Debaryomyces, and certain species of Candida, Kloeckera and Torulopsis in addition to Saccharomyces species of group D (Campbell, 1968) .
In the present paper the correlation is examined between taxonomic groupings and serological and other potentially useful properties for identification.
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METHODS
Yeast cultures.
Cultures of 47 species of 13 genera, other than Saccharomyces, were obtained from the National Collection of Yeast Cultures (NCYC), Nutfield, Surrey. With the addition of strains isolated in this Department ( Table I ) a total of 98 cultures was examined. All were identified on isolation or receipt according to Lodder & Kreger-van Rij (1952) . Saccharomyces cultures, all originally from the NCYC, were selected from those studied previously (Campbell, 1968 (Campbell, , 1970 . Nomenclature of species is according to Lodder & Kreger-van Rij (1952) Characters for numerical analysis. The 63 tests described below were performed on each strain.
Morphological tests (I 2 characters) comprised the nine tests described previously (Campbell, 1970 ) and also mode of growth: multilateral budding, bipolar budding or binary fission.
Physiological tests described in the earlier communication were extended to test 42 characters. The following were assessed as single characters : fermentation of glucose, production of a surface pellicle on malt extract broth, assimilation of KNO, as sole source of nitrogen in Difco yeast carbon agar, and liquefaction of gelatin over I week at 25O. These are standard tests (Lodder & Kreger-van Strains with prefix Y were isolated and identified by the author (see Table I ) ; all other strains were obtained from NCYC, Nutfield, Surrey. Saccharomyces. In addition, strains were examined by the indian ink method (Duguid, 1951) for production of capsule or slime material, and for ability to grow under anaerobic conditions in malt extract broth, sealed with approx. 2 ml. liquid paraffin/16 mm. diam. test tube, inoculated shortly after sterilization. Strains were unable to grow anaerobically (scored --), grew poorly under anaerobic conditions (+ -), or grew equally well in sealed and unsealed broth (+ +). Flocculation andfining (4 characters) were assessed as described by Campbell (1970) and serological properties (6 characters) using sera A, B, C, D, E and F described by Campbell (1971) completed the series of tests.
Numerical analyses. Analyses were performed as before (Campbell, I 970) by comparing groups of up to 24 strains, in succession, and rearranging the resulting groups in the form of see Table 2 .
Morphology: I = spherical cells, length < + + = extensive (Campbell, 1970 Numerical taxonomy of various genera of yeasts 229 dendrograms according to percentage similarity between strains. Both positive and negative matches were assessed as similarity, using the formula
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of Sneath (I 962). Clusters of strains were constructed at the highest mutual similarity level (Campbell, 1970) .
RESULTS
The identification tests of Lodder & Kreger-van Rij (1952) accounted for 24 morphological and physiological characters for numerical taxonomy; the results of the other tests are summarized in Table 2 . Results of the total of 63 tests, processed by computer to demonstrate percentage matching between strains, are presented as a dendrogram in Fig. I Table 3 , which shows that serology alone does not distinguish taxonomic groups. It is encouraging to note, however, that most groups are antigenically homogeneous, the exception being the Kloeckera group comprising strains of classes A, B, and D. The non-agglutinable species of Hansenula form a distinct subgroup; their inactivity is assumed to be due to the coating of capsule or slime material. Other possible distinguishing features are listed against taxonomic groups in of isolation and purification of the culture: cell morphology, mode of multiplication and formation of pseudomycelium (Lodder & Kreger-van Rij, 1952) , growth on 20 p.p.m. crystal violet (Kato, 1967) , lysine and nitrate media, and capability of anaerobic growth.
A tentative key for identification of the species tested in this investigation is presented in Table 4 . This table allows rapid identification of yeasts by the following properties: agglutination, or possibly immunofluorescence, with sera A, B, C, D, E or F, anaerobic growth, cell morphology, formation of pseudomycelium and growth on synthetic medium with lysine or KNO, as sole source of nitrogen.
DISCUSSION
Aerobic and anaerobic growth. The ability of certain yeasts to grow well under anaerobic conditions is shown to be a useful diagnostic feature, not necessarily associated with fermentative ability. Species of Debaryomyces and Pichia may ferment sugars weakly, and it may be difficult, without examination of spore characteristics, to distinguish them from the more actively fermenting species of the genus Saccharomyces. Saccharomyces species grow well under anaerobic conditions and growth is obvious after 36 to 48 h. ; Pichia and Debaryomyces are strictly aerobic, or are capable of only poor growth anaerobically, and even after 72 h., growth is absent or weak. For example, Pichia polymorpha and P. pseudopolymorpha resemble species of the Saccharomyces fragilis group and share antigenic activity B but show a closer percentage similarity to other pichiae and grow only poorly under paraffin. In the genera Hansenula and Kloeckera there is some variation between species in the extent of anaerobic growth, but the other tests distinguish these genera.
Lodder & Kreger-van Rij (1952) noted that although pellicle formation and sugar fermentation do not usually occur in the same yeast species, a few actively fermenting yeasts, e.g. Pichia fermentans and Hansenula subpelliculosa, may form a pellicle. The correlation between pellicle formation and aerobic growth is better; we noted no case of pellicle formation by a yeast showing good (+ +) anaerobic growth.
Measurement of anaerobic growth is especially useful for differentiation of Saccharomyces species, which grow well under paraffin, from Debaryomyces and Pichia, which grow poorly or not at all. The distinction between anaerobic and aerobic growth is sharper than between active and weak fermentation of sugars as assessed by the Durham tube method.
ClassiJcation of imperfect yeasts. Spore formation and morphology were ignored as taxonomic characters, as in the earlier investigation of Saccharomyces species (Campbell, 1970) . Yeasts which were perfect and imperfect equivalents could therefore, in theory, show IOO % similarity, and in Fig. I certain strains ofPichia membranae facienslcandida mycoderma and Saccharomyces fermentatilTorulopsis colliculosa approached complete identity.
The genera Candih and Torulopsis include imperfect forms of a range of perfect genera, e.g. perfect equivalents of Candida occur in Saccharomyces, Pichia and Hansenula. For preparation of Fig. 2 and Table 3 it was convenient to ignore the generic names Candida and Torulopsis, classifying as the perfect genus, except when no perfect equivalent existed. Brettanomyces and Kloeckera, which formed well-defined groups in Fig. I and 2, were more conveniently classified under these generic names, considering Hanseniaspora and Saccharomycodes as perfect equivalents of Kloeckera, rather than vice versa. Numerical taxonomy of various genera of yeasts one strain of Schwanniomyces occidentalis, NCYC 133, is more closely related to Debaryomyces than to other genera of perfect yeast, but the exact taxonomic position of Schwanniomyces requires further investigation. Otherwise the groups arranged by computer analysis of our results agree with the genera of the classification of Lodder (1970) and the rapid identification scheme based on these groups is similarly in accord with the new scheme of classification.
Comparison with the classijication of Lodder
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